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Motivation

We search for the new particles in “Dijet Mass” spectrum. 

✓ If a resonance exists, it can show up as a bump in Dijet Mass spectrum

✓ It was considered as qq, qg and gg resonances.

We would like extend this study to b-jet resonances.

2

Fit and Signal
We search for dijet resonance signal in our data.

Excited quark signals are shown at 0.5 TeV and 1.5 TeV.

String resonances are shown at 1 TeV and 2 TeV.
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We search for dijet resonance signal in our data.

Excited quark signals are shown at 0.5 TeV and 1.5 TeV.

String resonances are shown at 1 TeV and 2 TeV.
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MC Production and Event Selection

Since b decay mode was off in official Spring10 Z’ to 
dijet MC sample, new MC samples were generated 
using FastSim.

✓ CMSSW_4_1_2patch1

✓ Z’SSM at the mass of 0.50, 0.75, 1.00, 1.25,1.50, 2.00 
and 2.50 TeV

✓ /castor/cern.ch/user/s/sertac/ZprimeSSM

AK7 PFJets

|η|<2.5 & |Δη|<1.3 

L2L3 Jet Energy Correction

3
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Resonance Shapes

The signal of b-bbar 
resonances is shifted to 
lower mass region and 
wider than non-bbbar 
resonances.
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 The resonance shapes for 
different quark resonance 
pairs are shown.

 b-quark has the worst 
response and resonance 
shape of bb resonances is 
shifted to lower mass region.

 Width of resonance shape 
for bb resonances is wider 
comparing the others 
resonances.
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Figure 9: Left) The jet response of gluons, light (uds), c, and b quarks relative to the jet response
for the QCD dijet mixture of quarks and gluons (all). Right) The fraction of jets from each flavor
in the QCD dijet sample.

7 Parton Correction
The previous corrections take a CaloJet back to the corresponding GenJet on average. The
parton correction then takes the jet back to the corresponding parton, on average. Fig. 10 shows
the GenJet response to an input parton, pGenJet

T /pparton
T , which clearly depends on the parton

flavor. Gluons which radiate more than light quarks have a lower GenJet response, because
more final state radiation falls outside the jet. The GenJet response in general will depend on
the size of the jet. For the cone algorithm the response increases with the cone size, ∆R, and
for the KT algorithm the response increases with the size parameter D. Fig. 10 shows that the
cone algorithm with ∆R = 0.5 and the KT algorithms with D = 0.4 will have a similar parton
correction. The parton correction can be separated from the underlying event correction, but
the underlying event like the offset is expected to be small, and Fig. 10 includes both effects.
This optional correction can be determined from Monte Carlo for dijet events, but is model and
process dependent.
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Figure 10: The GenJet response to a parton of different flavors from dijet events for the iterative
cone algorithm with cone size ∆R = 0.5 (left) and for the KT algorithm with D = 0.4 (right).
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B-Tagging Algorithms

6

2.3 Charged particle track selection 3

method, reconstructed jets are associated to the final partons, after showering and radiation.
Only partons generated within a cone ∆R < 0.3 around the jet axis are considered. If a gluon
splits into a quark-antiquark pair, those quarks are considered instead of the gluon in the jet-
parton association. The jet is considered as a b-jet if a b quark is found within the cone. If there
is no b quark, a c quark is looked for and a c-jet can be defined. Otherwise the flavour of the
highest energetic parton is considered.

2.3 Charged particle track selection

The charged particle tracks are selected by requiring: number of pixel hits ≥ 2, number of
silicon strip+pixel hits ≥ 8, transverse momentum pT > 1 GeV, χ2/ndo f < 5, transverse
impact parameter < 0.2 cm and longitudinal impact parameter < 17 cm.

Further track selections are applied for the TC algorithm (jet-track association cone ∆R < 0.5,
distance of closest approach to the jet axis < 0.07 cm, decay length < 5 cm) and for the SSV
algorithm (jet-track association cone ∆R < 0.3, high-purity tracks [4], distance of closest ap-
proach to the jet axis < 0.2 cm). The decay length is defined as the distance between the PV
and the point of closest approach of the track to the jet axis.

2.4 Muon selection

Jets with a reconstructed muon, denoted muon-jets, can be produced by semileptonic b-hadron
decays. For some specific study, global muons [1] with pT > 4 GeV and within ∆R < 0.4 from
the jet axis are selected. The relative transverse momentum, prel

T , of the muon with respect to
the jet axis is computed in order to further enrich in b-jets. According to the MC simulation,
from an initial muon-jet sample of pT > 30 GeV, a selection prel

T > 1 GeV retains 50% of b-jets,
15% of c-jets and 17% of udsg-jets.

2.5 b-tag operating points

For each b-tagging algorithm, a selection is applied on the b-tag discriminant in order to retain
a given fraction of light udsg jets. The operating points are denoted as loose, medium and tight,
corresponding to a udsg-tag selection efficiency of about 10%, 1%, 0.1% in the MC simulation
(Table 1).

Table 1: definition of the operating points for different b-taggers.
b-tagger operating point threshold (Dcut)
Track Counting High Efficiency Loose TCHEL 1.70
Track Counting High Efficiency Medium TCHEM 3.30
Track Counting High Purity Medium TCHPM 1.93
Track Counting High Purity Tight TCHPT 3.41
Simple Secondary Vertex High Efficiency Medium SSVHEM 1.74
Simple Secondary Vertex High Efficiency Tight SSVHET 3.05
Simple Secondary Vertex High Purity Tight SSVHPT 2.00

The MC shapes of the positive b-tag discriminant variables are presented in Fig. 2 for each jet
flavour separately and jet pT > 30 GeV. The overall discriminant in data is compared to the MC
simulation in Figs. 3-4, showing a rather good agreement. An increased b-jet purity is observed
from TCHE to TCHP, SSVHE and SSVHP taggers.

Fixing the shapes from the MC simulation, the amount of b-jets and c-jets in the data can be
fitted (the TFractionFitter method is used [10]). The fit results are presented in Fig. 5 for each

Two b-tagging algorithms are considered.

✓ Track Counting (High Efficiency and High Purity)

✓ Simple Secondary Vertex (High Efficiency and High Purity)

 The discriminant threshold cuts are chosen based on CMS 
AN 2010-147.
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B-Tagging Discriminant
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B-Tagging Efficiency vs Pt
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Track counting (TC) algorithms have better efficiency than Simple 
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TCHE with loose discriminator cut (D>1.70) has the best efficiency.
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B-Tagging Efficiency vs η

9

||
0 0.5 1 1.5 2 2.5

B-
ta

g 
Ef

fic
ie

nc
y

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9
TCHP Medium
TCHP Tight
TCHE Loose
TCHE Medium

h_eff_loose_TCHP

||
0 0.5 1 1.5 2 2.5

B-
ta

g 
Ef

fic
ie

nc
y

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

SSVHP Medium
SSVHP Tight
SSVHE Medium
SSVHE Tight

h_eff_loose_TCHP

b-tagging efficiency as a function of eta of 
two leading jets are shown.

✓ for TCHE, TCHP, SSVHE and SSVHP.



Sertac Ozturk

Mis b-tagging 
Mis b-tagging efficiency as a function of corrected pt of two leading jets are shown for 
TC and SSV.

Mis b-tagging rate for TCHE with loose discriminator cut (D>1.70) is vey high.

✓ It cannot be considered in b-jet resonance analysis.

TCHE with medium discriminator cut (D>3.30) has lower mis b-tagging efficiency and 
higher b-tagging efficiency than TCHP medium discriminator cut (D>1.93).
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b-tagging vs Dijet Mass

b-tagging efficiency and mis b-tagging efficiency as a function 
of corrected dijet mass are shown.

TCHE with medium discriminator cut (D>3.30) looks like the 
best option for b-jet resonance search.
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Data Analysis
Dataset

✓ /Jet/Run2011A-PromptReco-v1/AOD (161404-162717)

✓ /Jet/Run2011A-PromptReco-v2/AOD (162717-163233)

Cert_160404-163369_7TeV_PromptReco_Collisions11_JSON.txt 

Event Selection

✓ Unprescaled Jet Trigger (HLT_Jet240_v1 & HLT_Jet300_v1)

✓ AK7 PFJets

✓ |PVz| < 24 cm && PVndof > 3

✓ |η|<2.5 & |Δη|<1.3

✓ Both leading jets passing the "loose" jet id

✓ Mjj > 788 GeV 

JEC (L1Offset, L2, L3, L1L2L3Residual) (https://twiki.cern.ch/twiki/bin/view/
CMSPublic/WorkBookJetEnergyCorrections#JetEnCor2010)

B-Tagging

✓ TCHE with medium discriminator cut (D>3.30) for both leading jets

Integrated Luminosuty: 41.6 pb-1
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https://cms-service-dqm.web.cern.ch/cms-service-dqm/CAF/certification/Collisions11/7TeV/Prompt/Cert_160404-163369_7TeV_PromptReco_Collisions11_JSON.txt
https://cms-service-dqm.web.cern.ch/cms-service-dqm/CAF/certification/Collisions11/7TeV/Prompt/Cert_160404-163369_7TeV_PromptReco_Collisions11_JSON.txt
https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookJetEnergyCorrections#JetEnCor2010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookJetEnergyCorrections#JetEnCor2010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookJetEnergyCorrections#JetEnCor2010
https://twiki.cern.ch/twiki/bin/view/CMSPublic/WorkBookJetEnergyCorrections#JetEnCor2010
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b-tagged Dijet Events
Total: 218 Event

✓ Jet1 Disc>3.30 & Jet2 Dics>3.30
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Dijet Mass and Fit
We fit the data to a function containing 4 parameters used by the CMS paper.

We get a good fit.

No evidence for new physics.
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Pulls

5. Measurament of Dijet Mass Spectrum Sertac Ozturk

QCD MC prediction is in good agreement with the data.

Dijet Mass (GeV)
500 1000 1500 2000

D
at

a 
/ P

YT
H

IA

1

2

3

4

5

6

1

2

3

4

5

6

)-1CMS Data (2.875 pb

10% JES Uncertainty

 = 7 TeVs 
| < 1.3 | < 2.5 & |2, 1|

>220 GeVjjM

Anti-kt R=0.7 CaloJets

Figure 5.11 The dijet mass spectrum data (points) divided by the QCD PYTHIA prediction.

The band shows the sensitivity to a 10% systematic uncertainty on the jet energy scale.

The data points and corresponding uncertainty are listed in Table 5.X.

5.2.1 Dijet Mass Spectrum and Fit

Dijet mass spectrum is compared to a fit in Fig.5.X. The parametrization of smooth fit

function is

dσ
dm

= p0
(1−X)p1

X p2+p3 ln(X) (5.2)

where x = m j j/
√

s and p0,1,2,3 are free parameters. The (1−X) term is motivated by

the parton distribution fall of with fractional momentum. The X−p3 ln(x) factor describes
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